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ABSTRACT 



This invention describes a method and apparatus, contained 
within an integrated circuit, for isolating failure by precisely 
controlling the number of clocks applied during built-in 
self-test (BIST). A programmable clock counter, on th e 
integrated circuit, stores a specified number of clock cycle s 
and sends a si gnal to stop a BIST engine once t he specified 
number of clock cycles have been generated. The interme- 
diate results can then be mapped bit by bit in order to isolate 
the cause of failure. 
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METHOD AND SYSTEM FOR AT SPEED 
DIAGNOSTICS AND BIT FAIL MAPPING 



FIELD OF THE INVENTION 

The invention relates to testing integrated circuits, and, 
more particularly, to a method and apparatus for isolating 
failure by precisely controlling the number of clocks applied 
during built-in self-test (BIST). 

BACKGROUND OF THE INVENTION 

Built-in self-test (BIST) is used to test the memory arrays 
and logic circuits that are contained in high-end processors. 
BIST allows the memory arrays and logic circuits to be 
tested at and above system clock speeds using a locally 
generated pattern set that verifies functionality ^ 
Conceptually, the BIST approach Is based on the realization 
that much of a circuit tester's electronics is semiconductor- 
based, just like the products it is testing, and that many of the 
challenges and limitations in testing lie in the interface to the 
device under test (DUT). The BIST approach can be 
described as an attempt to move many of the already 
semiconductor-based test equipment functions into the prod- 
ucts under test and eliminate the complex interfacing. One 
of the major advantages BIST has over other means of 
testing memory arrays is that the operation of the test is 
self-contained. All of the circuitry required to execute the 
test at-speed is contained within the integrated circuit. Very 
limited external controls are needed, so BIST can be run at 
all levels of packaging (wafer, TCA, module and system) 
without requiring expensive external test equipment. 

BIST utilizes a boundary-scan design-for-test (DFT) tech- 
nique. The DFT technique consists of placing a scannable 
memory element, or boundary-scan chain, adjacent to each 35 
integrated circuit I/O so that signals at the integrated circuit 
boundaries can be controll ed and o bserved usin^ scan opera - 
tions and without dimcLcontact with the jn ^pxaled circuit . 
Access to the boundary-scan chain as well as to most of the 
DFT and BIST circuitry is through a custom five-wire 40 
interface similar to the standard IEEE 1149.1 TAP approach. 
This interface is used to initialize and control the variou s 
BIST controllers on the integrated circuits and other DFT 
hardware during both system test and manufacturing test. A, 
^sta^e. , machine Yvithin each integrated circuit, referred to as ^ 
tHel self-test_ control macro fS> ^CMl is 11yd to control 
internal- test-mode signals and the seo uencing joLalUest and r 
system flocks while in test mode. Instead of testing the 
" performance of the device at full speed through the pins, an 
on-chip phase-locked loop (PLL) is used to multiply the 50 
incoming tester frequency to bring it up to the operating 
frequency of the integrated circuit. Additional self-generated 
clock (SGC) circuitry is then used to generate the various 
system clock sequences needed to properly exercise all 
portions of the integrated circuit. The BIST techniques can 
be divided into two major categories: logic BIST(LBIST) to 
test at-speed the logic in the devices, and array BIST 
(ABIST} to provide at-speed testing of the embedded arrays 
(i.e., RAMs). 

Today, BIST engines are used to test logic and arrays by 
applying a la rge number of test patterns and compressin g the 
results of these test patterns into al single signature? This 
signature is then compared to the one_^and_ only passin g 
signature to determine If the logic or array that was tested is 
iC good". Tf the signature does not match the expected good 
signature, the logic or array is considered to have failed and 
thus have one or more defects. There is difficulty in diag- 
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nosing what defect is causing the failing signature. It is 
useful to determine what the failing defect is and whether 
there is any defect pattern that may indicate a weak design 
or processing sensitivity causing the failing signature, rather 
than just random defects. 

BRIEF SUMMARY OF THE INVENTION 

This invention describes a method and apparatus, con- 
tained within an integrated circuit, for isolating failure by 
precisely controlling the number of clocks applied during 
built-in self-test (BIST). A programmable clock counter, on 
the integrated circuit, stores a specified number of clock 
cycles and sends a signal to stop the BIST once the specified 
number of clock cycles have been generated. The interme- 
diate results can then be mapped at speed bit by bit in order 
to isolate the cause of failure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings wherein like elements are 
numbered alike in the several FIGURES: 

FIG. 1 depicts the overall flow of the method for at speed 
diagnostics and bit fail mapping; 

FIG. 2 depicts a hardware implementation of the at speed 
diagnostics and bit fail mapping invention; and 

FIG. 3 depicts a timing diagram of the at speed diagnos- 
tics and bit fail mapping invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 depicts the overall flow of a method for at speed 
diagnostics and bit fail mapping using ABIST as an example 
implementation. First, in st ep 2. a proflramrqed flelay is se t 
in a programmable clock counter and ne xt a signal t o start 
the ABIST test is received i n step 4^ Thissignal to start could 
come lrom a slow asynchronous tester, for example. In 
response to this signal^ the A BIST engine starts to test tj 
array in step 6. While the test is _being pertorme dT tpe 
programmable clock counter is checked to see if it 
reached the programmed delay. The programmable clo|ck 
counter may count up from zero or down from some value 
to provide the programmed delay. If the programmable clock 
counter has not reached the, programmed delay, the program- 
mable clock counter _continues running in^s tep 10 and the 
value of the programmable clock counter is again checked to 
see if it has reached the programmed delay in step 8. This 
loop of steps 8 and 10 continues and the ABIST engine 
continues to run until the value of the programmable clock 
counter reaches the programmed delay. When the program- 
mable clock counter reaches the programmed delay, the 
ABIST test is halted in step 12 and the tester can scan out 
and examine the intermediate results in the ABIST engine 
108 at step 14. 

FIG. 2 depicts an exemplary hardware implementation of 
at speed diagnostics and bit fail mapping using ABIST as an 
example. A START_^ABIST_DELAY signal 102 is applied 
to a latch device 1&4. In an exemplary embodiment, the latch 
device 104 includes a plurality of shifLregister latche s 
(SRLs) connected in series. The latch device 104 effectively 
delays the START_ABISJJDELAY signal 102 and gen- 
erates both a synchronous START_ABIST signal 106 and a 
synchronous COU NTER signal 110 The START ABIST 
signal 106 starts th't^ARIST en^ine>10 8,to initiate the self 
Jest r The COUfJTFR signal 110 starts th« nrnarammahlr. 
clock counter 112 that has been programmed with a pro- 
grammable delay. Once the programmable clock counter 
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112 reaches the programmable delay, a STOP _ABIST sig- 
nal 114 is generated which causes the ABIST engine 108 to 
stop. 

FIG. 3 illustrates an exemplary liming diagram of at speed 
diagnostics and bit fail mapping using ABIST as an 5 
example. First, the START_^ABIST_DELAY signal 102 is 
received, from a slow asynchronous tester, for example. 
Some time after the START_ABIST_DELAY signal 102 
goes high, both the START_^ABIST signal 106 will drop 
and the COUNTER signal 110 will rise in the exact same 10 
cycle in response to an output of latch device 104. When 
START_ABIST signal 106 drops, the ABIST engine 108 
will start to test the array. When the COUNTER signal 110 
rises, the programmable clock counter 112 will start count- 
ing and count until the programmed delay is reached. When 15 
the programmable clock counter 112 reaches the pro- 
grammed delay, the programmable clock counter 112 will 
raise the STOP_j\BIST signal 114. When the STOP_ 
ABIST signal 114 goes high, this stops the ABIST engine 
108. At this point, the. tester can scan out and examine the 20 
intermediate result in the ABIST engine 108. Thus, by 
changing the programmed delay in the programmable clock 
counter 112, the entire array could be bit mapped cycle by 
cycle to determine which bit or bits are failing in the array 
and whether the defects are random or indicate a design or 25 
process sensitivity. 

Although the above discussion focuses on ABIST, those 
skilled in the art will recognize that this technique could be 
.applied to any self-test engine, such as LBIST or othe r 
A^ISTc 1 -""* — — - ™™ ~f —i-- — 1 — ■ — 1 - 30 



" designs, as a means of isolating failures by precisely 

controlling the number of clocks applied during the self-test. 

Since the design is contained on the integrated circuit that 
is being tested and utilizes the clock system on the integrated 
circuit, a slow inexpensive tester can be used to start the test 35 
and the test can be performed at system clock speeds and 
thus be used to diagnose difficult AC defects. Also, since this 
solution is contained entirely on the integrated circuit, it can 
be used at higher levels of packaging such as MCM and 
system test, where no high-speed tester interface is avail- ^ 
able. 

While preferred embodiments have been shown and 
described, various modifications and substitutions may be 
made thereto without departing from the spirit and scope of 
the invention. Accordingly, it is to be understood that the 45 
present invention has been described by way of illustration 
and not limitation. 



What is claimed is: 

1. A method of testing an integrated circuit comprising a 
built-in self test (BIST) engine, said method comprising: 

receiving a BIST start signal; 
delaying said BIST start signal; 

initiating said BIST engine in response to said delayed 
BIST start signal; 

initiating a programmable clock counter in response to 
said delayed BIST start signal, said programmable 
clock counter and said BIST engine being initiated at 
the same time, said programmable clock counter gen- 
erating a BIST stop signal upon reaching a delay; 

stopping said BIST engine in response to said BIST stop 
signal; and 

mapping output of said BIST engine, bit by bit, to isolate 
a cause of failure. 

2. The method as recited in claim 1 wherein said BIST is 
an array built-in-self-test (ABIST). 

3. The method as recited in claim 1 wherein said BIST is 
a logic built-in self-test (LBIST) . 

4. The method as recited in claim 1 wherein said delay is 
programmable. 

5. A built-in self- test (BIST^ apparatus contained within 
an integrated circuit, said apparatus comprising: 

a BIST engine for performing said BIST, said BIST 
engine located on said integrated circuit, said BIST 
engine delaying a BIST start signal and initiating said 
BIST in response to said delayed BIST start signal and 
ending said BIST in response to a stop BIST stop 
signal; and 

a programmable clock counter located on said integrated 
circuit, said programmable clock counter being initi- 
ated in response to said delayed BIST start signal and 
generating said BIST stop signal upon reaching a delay; 

said programmable clock counter and said BIST engine 
being initiated at the same time. 

6. The apparatus as recited in claim 5, wherein said BIST 
is an array built-in self- test (ABIST) machine. 

7. The apparatus as recited in claim 5, wherein said BIST 
is a logic built-in self-test (LBIST) machine. 

8. The apparatus as recited in claim 5, wherein said delay 
is programmable. 
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